objective To assess how quality and availability of reproductive, maternal, neonatal (RMNH) services vary by district wealth and urban/rural status in Zambia.
Introduction
Maternal and child health remain key priorities from the Millennium Development Goals (MDGs) to the Sustainable Development Goals (SDGs), which aim by 2030 to reduce the maternal mortality ratio (MMR) to <70 per 100 000 live births, and neonatal and under-five mortality to 12 and 25 per 1000 live births [1] . While global maternal mortality has declined over the past few decades, with increased institutional births by up to 10 percentage points in sub-Saharan Africa, wide variation remains in availability and quality of maternal health care between socioeconomic and geographic groups [2] [3] [4] . In Zambia, the MMR remains more than three times the SDG target at 398 per 100 000 live births, the neonatal mortality rate more than twice the target at 24 per 1000 live births, and skilled birth attendance at only 64.4% of births, below the 80% target [5] . Improving these numbers will require a dramatic increase in both absolute numbers of institutional deliveries and quality of care delivered, as high coverage alone does not imply reduced maternal mortality [6] .
Inequities in healthcare delivery quality remain across and within countries. Minimum quality standards for maternal care have been drafted by WHO and academic researchers, including key signal functions in emergency obstetric and neonatal care (EmONC) to target known drivers of maternal mortality, such as infection and haemorrhage [7] [8] [9] [10] . However, wide disparities persist, especially for complex interventions such as skilled birth attendance [11] . Quality and coverage of care vary by women's wealth and urban/rural status. In general, wealthy urban women receive the highest coverage and quality of care and rural poor women receive the lowest [12, 13] . This trend has proven true in Zambia, which has one of the widest urban/rural and income gaps for institutional delivery [3] . Globally, poorer women are eight times less likely than richer women to have a skilled birth attendant at delivery [14] . At the facility level, quality of maternal care is lower in facilities that cannot perform caesareans compared to facilities that can [7] . While a clear link exists between household wealth and the quality and range of services women receive, it remains unknown whether or not a link exists between aggregate district level wealth and the services facilities provide.
Zambian health facilities include hospitals, health centres and health posts, and are financed by either the government (81.3%), private groups (12.8%), or missions (5.9%) [15] . This paper examines facility-level data in Zambia to determine if the quality and availability of reproductive, maternal and neonatal health services (RMNH), including EmONC services, provided by public health facilities ranging from health posts to hospitals, varies by wealth and geographic (urban/rural) status.
Methods
Multiple datasets were used in this study: the Demographic Health Survey (DHS) was used to calculate multidimensional poverty index for wealth stratification, the Millennium Development Goal Acceleration Initiative (MDGi) baseline health facility assessment was used to calculate quality indicators, and the 2012 List of Health Facilities in Zambia and MDGi were used to calculate availability.
Design
MDGi in Zambia is a collaboration between the Ministry of Health, the United Nations, UNICEF, and the European Union to reduce maternal, neonatal, and child morbidity and mortality, with a focus on RMNH and nutrition services [16] . MDGi's baseline assessment was a cross-sectional study from July to August 2014 in a sample of public sector health facilities in the 11 MDGi target districts in Lusaka and Copperbelt provinces. Lusaka and Copperbelt, two of ten Zambian provinces, were selected based on their large contribution to overall population (5.1 million people in predominantly urban areas, 30% of total population), and the wide disparities found within (some of the poorest segments live in concentrated city compounds) [5] . Lusaka and Copperbelt also contain 27% of Zambia's total health facilities. Using both purposive and random selection, the baseline sampled 117 health facilities (47% of 247 eligible).
The Zambian Ministry of Health's 2012 List of Health Facilities was used to analyse the total number of facilities in districts [15] .
Subjects and selection
The subjects of this study were public sector health facilities in Lusaka and Copperbelt Provinces, Zambia. Health facilities comprised: (i) hospitals; (ii) health centres with basic EmONC (current EmONC); (iii) health centres without basic EmONC, designated for upgrade due to high case load (prospective EmONC); (iv) health centres without basic EmONC and not designated for upgrade (not prospective EmONC); and (v) health posts. Private and military health facilities were excluded.
Sampling procedure varied based on facility strata. All hospitals, health centres with EmONC and rural health posts were selected. Purposive sampling was used with prospective EmONC health centres. Computer-generated random sampling was used for not prospective EmONC health centres, and urban health posts. While 120 health facilities were selected, only 117 were included in the MDGi baseline survey as three health posts were unavailable for interview.
Measurements and data collection
Health facility RMNH survey assessments were adapted from tools developed by the Zambian government, WHO, UNFPA, UNICEF, and the Mailman School of Public Health to capture data from health facility directors on infrastructure, EmONC signal functions and care capacity, service and referral ability, transportation, staffing, availability of essential equipment and medicines for RMNH, and case reviews for deliveries and deaths [8, [16] [17] [18] . When possible, data were either verified in person or transcribed directly from on-site records for equipment, medications, deliveries and deaths.
Wealth groups
Study districts were stratified into wealth groups by calculating each district's multidimensional poverty index (MPI), a standardized measure of poverty developed by the Oxford Poverty and Human Development Initiative and the United Nations Development Programme.
To calculate MPI (range 0-1), two variables were calculated for each household using DHS data: (i) level of deprivation in indicators of health (child mortality, nutrition), education (years of schooling, attendance), and living standards (cooking fuel, sanitation, water, electricity, floor, assets); and (ii) whether the household was considered MPI poor (i.e. deprived in ≥33% of all indicators) [19, 20] . Using these variables, the overall MPI for a district was calculated as the product of H 9 A where H = number of households who were MPI poor/total population, and A = sum of weighted scores in indicators among households who were MPI poor/total MPI poor population. The MPI was a single value that includes both the proportion of the population that was multidimensionally poor and the average intensity of poverty across the poor. All districts were next ranked by their overall MPI, with higher MPI values indicating higher poverty and lower wealth. Lastly, districts were split into three wealth groups (Appendix 1).
In order to link DHS household data with districts, the DHS GPS dataset with displaced cluster locations was spatially joined with a polygon shapefile of Zambia's district boundaries (from http://www.gadm.org). Over time, Zambia has drawn new district boundaries. While the original baseline assessment collected data from 11 districts based on post-2010 boundaries, due to limitations in GPS data, this analysis was organized into nine districts based on pre-2010 boundaries, which included the total area of the newer 11 districts.
Availability
RMNH service availability was calculated based on both overall (2012 List of Health Facilities) number of primary, referral, and rural facilities and sample (MDGi baseline) number of provider type and total delivery volume. The total number of primary (health posts and centres) and referral (hospitals) facilities was presented as a number per 1 000 000 population for comparability.
Provider types were presented as a number per facility, per 1 000 000 population to account for different sampling methods in different districts. Deliveries included spontaneous, vacuum extraction, forceps and caesarean, and were reported as number per facility, per 10 000 to improve data visualization.
Quality indicators
To evaluate RMNH care quality, we developed a composite quality score ranging from 0 (poor quality) to 1 (high quality), which was the mean of 23 individual quality indicators. We started with a previously identified list of 12 basic structural and process maternal care functions [7] and added 11 functions to include family planning, antenatal, postpartum and newborn care based on best practices [9, 10] . Indicators for family planning, infection control resources, antenatal care essential package and neonatal antiretroviral therapy (ART) were all means of 2-4 individual component parts. All other indicators were binary variables (1 = present, 0 = absent) (Appendix 2).
Analysis
The primary outcome was how quality of RMNH services varied across wealth divisions (equity of quality). Equity was displayed in two ways: (i) in absolute terms by plotting the quality indicators for each wealth group to visually show variation, and (ii) in relative terms by calculating the concentration index, which represents the extent to which a quality indicator was concentrated among the disadvantaged (À1 if all clustered among poorest) vs. advantaged (+1 if all clustered among richest) [21, 22] . A generalized, bounded concentration index was calculated using the conindex command in STATA, with a value of 0 indicating no inequality, and values of 0.2-0.3 indicating a reasonably high level of relative inequality [21] . Simple and multivariable linear regressions were also performed using multiply imputed data for the outcome of composite quality indicator using MPI values, urban/rural status and facility level of care as independent variables. Secondary outcomes included how availability of RMNH services varied across wealth divisions, and how both availability and quality varied between urban and rural districts.
To account for missing values in the individual quality indicators that create the composite quality indicator (Appendix 3), we used multiple imputation (mi impute mvn) to replace all missing values with 20 imputation models. Missing at random was assumed based on preparatory analyses. In order to maintain the original level of uncertainty, the imputed values for some indicators go beyond the boundaries of 0 and 1. All analyses were performed in Stata/SE 13.1 (StataCorp, College Station, TX).
IRB/Consent
This study was approved by the ERES Converge (Lusaka, Zambia) and Boston University Medical Campus Institutional Review Boards. The Ministry of Health and two Provincial Medical Offices provided official approval. Verbal consent was obtained from the in-charge staff member at each facility.
Results
Among 247 public sector health facilities in nine MDGi target districts, 117 facilities were ultimately included, with 13/13 hospitals, 30/42 health centres with EmONC, 55/142 health centres without EmONC and 19/45 health posts. In the sample districts, MPI ranged from 0.089 for Kitwe to 0.37 for Masaiti with a mean of 0.16 (SD 0.09), while for all districts in Zambia the MPI ranged from 0.037 for Livingstone to 0.57 for Shangombo, with a mean of 0.31 (SD 0.11) (Appendix 1).
Quality indicators and availability of RMNH
The overall composite quality indicator for RMNH services in health facilities in all districts was 0.64 (Table 1) . There was wide variation between the 23 individual indicators, with high quality among some structural indicators (0.94 safe water) and low quality among delivery skills (0.27 capacity to remove retained products). Most quality indicators were >0.40, or present in at least 40% of the study facilities.
Across districts, the composite quality indicator ranged from 0.52 for Kafue to 0.71 for Chingola (Table 1) . Increased variation in quality across districts was found in many indicators requiring either human or equipment capital: availability of skilled providers, referral capacity, magnesium sulphate, antibiotics and neonatal ART. Indicators including family planning, electricity, infection control, the antenatal care essential package and breastfeeding promotion had decreased variation in quality across districts. Four key indicators of higher risk delivery care-capacity of assisted vaginal delivery, capacity to remove retained products, manual removal of the placenta and caesarean sections-were poor quality across all districts and available in less than half of surveyed facilities.
Availability of public facilities and trained maternalchild health (MCH) providers was low throughout Lusaka and Copperbelt provinces (Table 1) , compared to the WHO benchmarks of two EmONC facilities per 3600 births and 2280 MCH providers per 1 000 000 population [23] . While Lusaka district had the highest absolute number of facilities (39 primary and seven referral), when adjusted by its population, the overall ratio fell to 22.3 primary and 4.01 referral facilities per 1 000 000 people. Overall, more deliveries took place in referral facilities than primary (eight vs. one per facility per 10 000 respectively) ( Table 1) .
Equity of quality indicators and availability of RMNH
The concentration index (Figure 1 ) displays relative inequality among individual and composite quality indicators for RMNH services in the two provinces [21] . The vast majority of quality indicators lie close to 0, suggesting an absence of relative inequality across wealth divisions. The overall composite quality indicator of À0.015 [À0.043, 0.013] shows no clustering favouring either richer or poorer districts. Figure 2 shows the absolute inequality among availability of RMNH. While the absolute number of health facilities and providers is higher in richer districts compared to poorer ones, the number of facilities and providers per 1 000 000 population is actually lower in richer districts (Figure 2 ). This remains true even after including private and mission facilities (richer districts vs. poorer districts: 98.7 vs. 188 primary facilities). Richer districts also tend to have larger populations than poorer districts (Appendix 1). Delivery volume in primary facilities is almost the same between poorer and richer districts, while in referral facilities, the richer district delivery volume is more than double that of the poorer districts (which would align with the higher absolute number of referral facilities in the richer districts). Taken together, this suggests that the increased population in richer districts far outstrips the increased number of facilities and providers. For providers in primary facilities, Medical Doctors (MDs) are slightly concentrated in richer districts, whereas non-MDs tend to staff poorer districts. This relationship does not hold true for referral facilities, where the richer districts have the fewest MDs or non-MDs, again likely due to the higher population in richer districts out-pacing the number of providers.
By geographic status, rural districts had a higher number of primary and referral facilities per 1 000 000 compared to urban districts (Figure 3 ). Even after including private and mission facilities, rural districts outpaced urban districts (206 vs. 125 primary facilities). Rural districts also had more providers and a higher delivery Total number of MCH providers in primary facilities (MD per facility per 1 000 000 population) volume per facility. Urban districts had slightly higher RMNH service quality scores than rural districts.
Quality indicators
In multivariable linear regression, there was no statistically significant association between wealth and the composite quality score (b 0.33, 95% CI À0.043 to 0.706, P value 0.083), after adjusting for facility level and urban/ rural status (Table 2) . However, facility level was significantly associated with quality of RMNH services. Compared to hospitals, health centres had on average a 0.215 decrease in composite quality score (P < 0.001), and health posts had a 0.344 decrease in quality score (P < 0.001).
Discussion
The overall quality of RMNH services was moderate at 0.64, with wide variation. Skilled process indicators were low across districts. Facility and staff availability was also low with greatest availability of non-MD providers. When ranked by MPI, districts had relative equity in quality of RMNH services. Poorer districts had lower absolute values of available facilities and staff, but higher standardised values than richer districts, suggesting that the increased population in the richer districts outstrips their increased numbers of health facilities and providers. There was no statistically significant association between quality and wealth; however, a statistically significant association between quality and facility level did exist. Our quality indicators for RMNH services in Zambian public health facilities in Copperbelt and Lusaka provinces are higher than those reported in Southern province, where none of 90 health centres performed basic EmONC and only six out of 10 hospitals performed comprehensive obstetric and neonatal care [24] . Improved quality of care seen in higher level facilities has been reported elsewhere in Zambia [25] . Since quality can have a direct impact on outcomes, room for improvement in this area remains. A study in Malawi revealed that delivering at higher quality facilities was associated with reduced neonatal mortality [26] . Improving quality at low performing facilities may reduce maternal mortality by increasing facility deliveries, as low perceived quality of maternal healthcare was found to be a barrier to facility delivery in Zambia [27] . Interestingly, patient perceptions of quality are not consistently associated with services provided, with fewer complaints in private, smaller facilities compared to public, larger ones [27, 28] . This may require a joint effort to improve quality and to advertise this improved quality to patients. The relative equity among quality of RMNH services provided across district wealth groups was surprising because previous studies have shown relative inequities of RMNH services received across wealth divisions for individual women [12, 13] . A previous study examining change in coverage of maternal and child health interventions in Zambia from 1990 to 2010 showed large disparities across districts for routine services like antenatal care and skilled birth attendance, although coverage of interventions such as pentavalent immunization and exclusive breastfeeding was relatively equitable across districts [29] . Our results also differ from a recent study in Kenya using DHS facility assessment data, which showed that quality of maternal care varied by wealth with lower quality in poorer areas [30] . One reason for this discrepancy may be that the spectrum of MPI across the nine districts in this study was relatively narrow (range 0.089-0.374), and was narrower than the country-wide spectrum across 72 total districts (range 0.037-0.57). Furthermore, our sample was richer compared to all districts in Zambia (sample mean 0.165, all district mean 0.308) and had less overall variability (sample standard deviation 0.09, all district standard deviation 0.11). We posit that there was not enough wealth differentiation between the sample districts to see a difference in quality of care delivered. Previous research has shown traveling long distances to facilities and transport costs as barriers to facility deliveries in Zambia, which may be partly explained by the low availability of health facilities seen in this study [27] . Furthermore, direct maternal deaths have been shown to strongly relate to distance from health facilities [31] . At 139.2 MCH providers per 1 000 000 population in primary facilities and 204.6 per 1 000 000 in referral facilities, Zambia's human resources are nowhere near the WHO benchmark of 2280 providers per 1 000 000 population recommended to achieve 80% skilled birth attendant coverage [23] . Increasing the absolute number of both facilities and providers will require shifting away from an acute crisis mode towards sustainable funding, macroeconomic analyses of demand and supply of health workers and a realistic examination of fiscal constraints [32] .
In the context of relative equity across districts by MPI, the slightly higher quality of RMNH services in urban districts suggests there may be other factors at play in urban districts beyond wealth, such as improved oversight or support from closer district health offices. Increased availability of facilities and staff in rural areas again suggests that urban populations far outpace the higher absolute number of resources available to them.
Limitations
We were unable to link individuals to specific facilities, and thus could not link individual outcomes (e.g. skilled birth attendant coverage) to the services offered at facilities. The DHS data used to construct wealth groups, while representative at the provincial and urban/rural level, were not representative at the district level or smaller-thus we were unable to compare facilities across poorer and richer areas of the same district. Importantly, Lusaka and Copperbelt provinces are heavily urban and only nine districts in total, and thus may not be representative of other more rural districts in Zambia. Our sample only included public facilities in these provinces, and excluded private and informal sectors. Additionally, we were unable to obtain updated GPS shapefiles with the new post-2010 district boundaries. Lastly, the original sampling method was a mixture of random and purposive, making it difficult to draw larger population conclusions.
Conclusion
This study examined how quality and availability of RMNH services offered by health facilities in Zambia vary by wealth and urban/rural status. The composite quality indicator of RMNH services did not vary by a district's wealth, but did vary by facility level, with higher quality in higher facilities as determined through multivariable linear regression. In richer districts, service availability was higher in absolute numbers, but lower in relative numbers, indicating that the increased population in wealthier areas superseded any increase in facilities and providers. Lastly, quality was slightly higher in urban districts while availability of services was better in rural districts. These findings suggest that the MDGi Programme should include interventions to reduce inequities, such as training more staff, refurbishing and constructing facilities for delivery of RMNH, quality improvement interventions, attention to procurement and supply chain management and periodic programmatic monitoring with integration of results for continued strengthening of RMNH healthcare in Zambia.
As Zambia continues to move towards meeting the Sustainable Development Goals and reducing maternal and neonatal mortality, it is important to continue examining inequities in service quality and availability. Further research is warranted to examine inequities among facility service delivery in other countries, and whether there is a link between inequity in facility service delivery and inequity in health outcomes for women. 
